Introduction
The Southern Great Plains of North America is one of the most intensive agriculturally affected regions in North America (Bolen et al. 1989) , with 25,000-30,000 playa wetlands (Osterkamp & Wood 1987) often serving as the remaining sites of biodiversity in a semiarid landscape (Haukos & Smith 1994 a ) . Because playas function as island refuges in this agricultural landscape, their conservation is critical to maintenance of biodiversity for the entire region. Indeed, the functions and values of playas have been recognized regionally, nationally, and internationally ( Bolen et al. 1989; Haukos & Smith 1994 a ; Playa Lakes Joint Venture 1994) . Individually and jointly, a myriad of government agencies, private conservation groups, and corporations are working toward the conservation of playas (Playa Lakes Joint Venture 1994 ). An understanding of the major factors influencing biotic diversity in playa ecosystems is essential to developing conservation efforts.
The basic biogeographical relationship of increasing species diversity with increasing area (Arrhenius 1921; Preston 1962; Williams 1964; MacArthur & Wilson 1967 ) is well established for many ecosystem types and, as such, has been used as a foundation for much land-ecosystem conservation planning (e.g., Wilson 1999) . The strength of the species-area relationship in various ecosystem or community types, and the reasons that relationship occurs, is central to conservation biology. The species-area relationship is thought to be based primarily on increasing environmental heterogeneity (e.g., habitat diversity) and/or population size as area increases (e.g., Williams 1964; Connor & McCoy 1979; Nilsson et al. 1988; Rosenzweig 1995) . A number of studies have demonstrated support for either of these two hypotheses (reviewed by Rosenzweig 1995) , but it is difficult to separate the contributions (or lack thereof) of habitat variability versus population size to the area-diversity relationship (e.g., Connor & McCoy 1979; Gilbert 1980; Nilsson et al. 1988) . Moreover, the existence of a species-area relationship and the potential relative influence of habitat diversity versus population size on plant diversity in wetland ecosystems has seldom been considered.
The unique hydrological and physical attributes of playas (for instance, playas have little habitat heterogeneity and similar shapes) make them especially suitable landscapes with which to tease out habitat versus population effects on floral diversity in wetlands and to examine the strength of the species-area relationship in this environment. Playas are shallow depressional wetlands, nearly circular in shape, and each is self-contained in its own watershed. A playa is not hydrologically connected to other wetlands and therefore can be considered an island or patch. Also, there is little elevational heterogeneity as playa area increases; the floor stays level (Luo et al. 1997) . Therefore, as playa area increases, the number of habitats in the playa stay essentially the same but plant population size increases.
One caveat to this simple habitat scenario, however, is that larger playas, even though they have a habitat structure similar to that of small playas, remain flooded longer because of simple surface-area relationships. Therefore, for those plants that require extended wet conditions to germinate and reproduce, large playas should provide greater opportunity for establishment and reproduction. The large number of playas in the Southern Great Plains, along with their similar physical attributes, allow one to examine the biogeographical influence of water permanence and plant diversity. This knowledge is critical to efforts aimed at preserving a limited wetland flora in a semiarid environment.
The cultivation of playa watersheds also has increased exposed soil and sedimentation and decreased the hydroperiods of these playas (Luo et al. 1997) . These types of disturbance are commonly known to invite bioinvasions by exotic flora, disrupting natural community processes (e.g., Elton 1958; Vitousek et al. 1996) . Burke and Grime (1996) found that the success of bioinvasions by exotic plants is strongly related to the availability of exposed soil, and bioinvasion success is greatest when this disturbance occurs with nutrient additions. Both of these conditions-exposed soil and nutrient additionscommonly occur in agricultural settings, and an understanding of their influence on playa ecology is essential to efforts to acquire and restore playa landscapes.
Knowledge of the strength of potential species-area relationships and the influence of watershed condition on plant communities will provide a necessary filter for setting priorities for playa conservation. We compared playa area to plant-species diversity and richness in playas with cultivated and perennial grassland watersheds to examine the strength of the species-area relationship for playas. In so doing, we also examined the relative importance of increased population size versus habitat variability on overall floral diversity and the influence of water permanence on the diversity of the specific part of the flora dependent on wetland conditions. We further examined the relationship between watershed disturbance and playa plant-community composition in the highly agriculturalized Southern Great Plains.
Methods

Study Site
The Playa Lakes Region of the Southern Great Plains encompasses approximately 360,000 km 2 of southeastern Colorado, southwestern Kansas, eastern New Mexico, the High Plains of west Texas, and western Oklahoma ( Fig. 1) . Playa wetlands make up approximately 2% of the total landscape ( Haukos & Smith 1994 a ) . Playas range from Ͻ 1 ha to Ͼ 250 ha and average 6.3 ha in area (Guthery & Bryant 1982) . Most playa basins are defined by the presence of a hydric vertisol clay soil, Randall clay, or a close series relative (Allen et al. 1972 ) that is uniformly distributed throughout a circular basin (Osterkamp & Wood 1987; Luo et al. 1997) .
The Southern Great Plains was originally short-and mixed-grass prairie but today is under cultivation with cotton, corn, wheat, and sorghum ( Bolen et al. 1989) , and domestic livestock graze most uncultivated areas. The climate is subhumid continental, with mean annual precipitation ranging from 63 cm in the eastern portion of the region to 35 cm in the west. Precipitation occurs mainly in thunderstorms peaking in May-June and September-October ( Bolen et al. 1989 ). Because it is rare for playas to be connected to ground-water sources, historically they were entirely dependent upon precipitation and associated runoff to fill. With the increase in crop irrigation since the 1940s, however, many playas in cultivated areas have received additional sediment, nutrients, and water from the resultant runoff ( Nelson et al. 1983; Mollhagen et al. 1993; Irwin et al. 1996; Luo et al. 1999) .
Field Studies
We randomly selected 1% of the playas in all counties that had Ͼ 100 playas in each of the five states in the region . In 1995 we determined plant-species occurrence in 224 playas using step-point samples (species recorded approximately every 1 m; Bonham 1989) along two transects during each of two seasonal surveys. The first transect was initiated in the southeast corner of the playa, proceeding at a 45 Њ angle to the west side of the basin. The second transect was initiated on the west side of the playa at 45 Њ to the northeast edge of the basin. We determined the playa edge by examining changes in soil color and slope (Luo et al. 1997) . Because playas are roughly circular, both transects within a playa were approximately equal in length.
Plant-species occurrence was determined twice for each playa to account for cool-and warm-season species: late spring to early summer (15 May-30 June) and mid-to late summer (15 July-31 August). We started each sampling period in the southern portion of the region, working north, to account for seasonal differences within the region. The dominant ( Ͼ 50%) land use of the surrounding watershed was classified as cropland (annual cultivation) or perennial grassland. Plants were classified as perennial or annual and as exotic or native, based on the work of Correll and Johnston (1979) , Hatch et al. (1990) , and the Great Plains Flora Association (1991). Plants were categorized as obligate or facultative wetland plants following the U.S. National Wetlands Inventory list (1996) .
Data Analyses
The number of points at which a plant species was encountered was used as the number of individuals in Shannon's diversity calculations ( Magurran 1988) , and total species number determined richness. We used chisquare contingency analysis to compare species frequencies in playas with crop versus grassland watersheds (Zar 1996) . We used t tests to compare the number of native and exotic species, and annual and perennial species, in playas with crop versus grassland watersheds. With t tests we also compared the percent composition of exotics and natives and the percent composition of annuals and perennials between playas with crop and grassland watersheds.
We initially used linear regression to compare playa area with species richness and diversity (early and late survey data combined) using all plants for playas having cropland and grassland watersheds as well as all playas without regard to watershed type. We used log-transformed and untransformed measures of area, richness, and diversity estimates in an attempt to find the strongest relationships ( Rosenzweig 1995) . However, we only present those transformations that achieved the strongest area-diversity relationships. We calculated playa area using diameter estimates obtained from plant transects (Luo et al. 1997) . Area estimated directly from transects more accurately reflected actual area surveyed than area estimated from soil maps, and therefore potentially provided stronger species-area relationships.
Finally, we conducted area diversity and richness analyses on all playas with only those species categorized as facultative wetland or obligate wetland plants (U.S. National Wetlands Inventory 1996). Those species considered as facultative, facultative upland, or obligate upland plants were not included in these analyses.
Figure 1. Location of counties in which playa area and flora were surveyed in the southern Great Plains (U.S.A.). The top number listed for each county is the total number of playa wetlands, and the bottom number is the number of playas surveyed in the county.
Results
Species-Area Relationships
In general, the relationships between species richness and diversity and area for all playas were not strong: most r 2 were Ͻ 0.10 and most slopes were not statistically significant. Analyses using log-log transformation only are presented because they were generally stronger than no transformation or the single-log area transformation. Relationships within playas with cropland or grassland watersheds were not stronger. Only the log area-log richness regression for the overall playas approached a situation where area explained some of the variation in species richness (Table 1) .
When upland plants were excluded from the analyses, however, the relationship of wetland plant richness and area improved ( r 2 ϭ 0.14 to 0.23; all slopes p Ͻ 0.01) ( Table 1) . Including only wetland plants in the Shannon's diversity versus area analyses did not provide stronger relationships than including all plant species in the regressions.
Influence of Watershed Disturbance on Flora
Playas with cropland watersheds had higher diversity than those with grassland watersheds, but species richness did not vary by watershed type (Table 2) . Species composition also varied by watershed type ( 2 ϭ 182.9, p Ͻ 0.001; Appendix 1). More perennial species occurred in playas with grassland watersheds than in those with cropland watersheds, and more annual species occurred in playas with crop than grassland watersheds. Percent-composition data reflected occurrence data. Playas with cropland watersheds had greater coverage of annuals than playas with grassland watersheds. Perennial coverage was higher in grassland playas than in cropland playas (Table 2) .
More exotic species occurred in playas with cropland watersheds than in those with grassland watersheds, and more native species occurred in playas with grassland watersheds than in those with cropland watersheds (Table 2) . Again, percent-basal-cover data reflected species-occurrence data. Only 6.27% of the area of playas with grassland watersheds was occupied by exotic species, whereas 15.62% of the area with cropland watersheds was covered by exotic species. Similarly, native species covered 68.08% of grassland playas and 58.25% of cropland playas (Table 2) .
Discussion
Species-Area Relationships
Because playa wetlands exist in a vast, semiarid agricultural region of the Southern Great Plains, maintaining their ecological integrity is key to the maintenance of biodiversity for the entire shortgrass plains ecoregion (Haukos & Smith 1994 a ) . Other concerns notwithstanding, natural-resource managers often use the area of a particular habitat as an indicator of the importance of that habitat, because most studies show a relatively strong positive relationship between area and the number of species occupying an area (e.g., Wilson 1999) . In this study, however, we found a relatively weak speciesarea relationship when all plant species (wetland and upland) were included in analyses. This might indicate to ecosystem managers that in playas size is not an important indicator for flora conservation. However, when only wetland plant species were included in the speciesarea analysis, the relationship became stronger. Wetland species are more rare in the High Plains than upland species (playas occupy only 2% of the landscape; Haukos & Smith 1994 a ) and thus contribute, on an area basis, disproportionately more to the region's biodiversity. Therefore, playa area should be an important factor used by ecosystem managers to identify key conservation sites in the Southern Great Plains. Because habitat diversity does not increase as playa area increases (Luo et al. 1997 ) and the relationship between area and plant diversity was not strong when all plants were considered in the analyses, it appears that habitat diversity is a more important influence on total playa plant diversity than population size. There are only two habitats in playas, edge and floor, because there is little elevational change in the basin as playa area increases. This lack of habitat heterogeneity is supported by seed-bank and extant-vegetation data showing little plant zonation within the hydric-soil-defined playa basin (Haukos & Smith 1994 b ) . As indicators of habitat heterogeneity, soils can also be important in determining numbers of island species ( Johnson & Simberloff 1974 ). However, playa soils are generally uniform across the basin (Allen et al. 1972; Luo et al. 1999) . Unlike in playas, habitat heterogeneity and resultant plant zonation is common in other North American wetland systems (Cowardin et al. 1979) .
Although the number of individual plants increases as playa area increases, it appears to have relatively little influence on the number of species occupying the playa. Rydin and Borgegård (1988) and Nilsson et al. (1988) found that plant-species richness varies by island area in different Swedish lakes but that habitat diversity had little influence on plant diversity. The number of individuals was likely responsible for the diversity-area relationship in this instance ( Rosenzweig 1995) . Each of these studies involved either all woody species (Nilsson et al. 1988) or a high proportion of the flora that was made up of woody species and long-lived perennials ( Rydin & Borgegård 1988) . Because playa flora is dominated by annuals and short-persisting perennials (due to rapidly changing environmental conditions), it is possible that diversity-area relationships differ among plant communities with different life histories. Indeed, as we found for playas, Holland and Jain (1981) found only a weak relationship between area of vernal pools dominated by herbaceous annuals and plant-species richness.
We hypothesize that the species richness-area relationship improves greatly when the analysis is limited to wetland plant species because of habitat permanence rather than because of population size or habitat diversity. Although large and small playas have similar habitat structure, large playas stay flooded for longer periods of time than small playas. Therefore, from a conservation perspective, because large playas can stay wet longer, they provide more opportunity for aquatic plants to colonize and successfully reproduce than small playas. Upland plant species can occur in dry wetlands and persist in the seedbank when the wetland is flooded (e.g., Haukos & Smith 1993; ), but wetland plants can seldom persist in the upland seed bank, because their requirements are never met (i.e., the upland is seldom inundated).
Although Abbott and Black (1980) considered the potential problems of not including plant propagules (i.e., seed banks) in species-area studies, all such studies that we have located have used extant flora in their analyses. Because an annual or short-persisting perennial plant species is not present during a set of surveys, however, does not mean the species does not exist in the seed bank. Species represented in a wetland seed bank will appear when environmental conditions are appropriate (Salisbury 1970; van der Valk 1981; Smith & Kadlec 1983; Haukos & Smith 1993; Bliss & Zedler 1998) , which poses unique problems for conservation biologists sampling floral diversity in wetlands. A wetland is classified as such because it undergoes fluctuations in its water levels from dry to relatively deep water and can therefore accommodate terrestrial and aquatic species. Each time the wetland undergoes this hydrological shift, the dominant plant community changes (van der Valk 1981; Haukos & Smith 1993) . In our study the environmental conditions of many playas changed between early and late-season surveys. Many playas either filled with precipitation runoff or subsequently dried between surveys. This leads to a significant change in the plant community structure within a few weeks. Only 38% of the species, on average, that were present early in the growing season were present late in the season. This low similarity is also due to some cool-season species, such as Hordeum jubatum , being present only in the early season. These types of annual species complete their life-history requirements and then disappear for the remainder of that year, even if environmental conditions remain constant.
Further, this difference in species composition between surveys in playas is not actually "extinction" (Simberloff 1976) . It is also not "pseudo turnover" or a sampling error ( Lynch & Johnson 1974; Simberloff 1976; Nilsson & Nilsson 1985) . The occurrence and recording of plant species in playas is a function of a playa's current and recent moisture regime and the timing of the survey within the year. With only a 38% similarity in species between early and late surveys, many species can be missed due to survey timing and environmental changes. Therefore, the actual measurement of plantspecies presence or turnover (extinction and immigration) would be difficult in wetlands unless seed-bank surveys were included in the analysis. Moreover, it may be more appropriate for conservation biologists to use seed-bank data with extant species counts than extant species counts alone when examining species-area relationships in systems dominated by annuals and shortpersisting perennials.
Watershed Cultivation
Cultivation of playa wetland watersheds and basins has caused increased and consistent disturbance to the short-grass prairie landscape of the Southern Great Plains of the United States. Because most playas ( Ͼ 75%) have cultivated watersheds ( Nelson et al. 1983 ), these disturbances, on a landscape and biogeographical scale, are related to widespread changes in playa plant communities throughout the Southern Great Plains. Not only has this disturbance likely permitted the increase in bioinvasion by exotic species by increasing nutrient input and the prevalence of exposed soil ( Burke & Grime 1996) , it is also related to changes in the composition of annuals and perennials. The current flora of cropland playas is likely predisposed to domination by annual exotics in response to increasing disturbance.
The disturbance caused by cultivation of playa watersheds has caused increased sedimentation and decreased hydroperiods ( Luo et al. 1997 ) . Indeed, most playas with cultivated watersheds have lost more than 100% of their original volume. Moreover, current crop production in the Southern Great Plains is dependent upon irrigation, causing more-frequent water-level fluctuations in playas with cropland watersheds. Water is often pumped from playas to irrigate fields. Alternatively, irrigation water that has been pumped from the aquifer often flows into playas (Bolen et al. 1989 ). These drastic alterations in historical wetland hydroperiods, which are seldom considered in wetland bioinvasion events (Silvertown et al. 1999) , have created an additional disturbance that allows for invasion of exotic species. In the Northern Great Plains, Euliss and Mushet (1996) found greater water-level fluctuations in prairie pothole wetlands surrounded by croplands than in wetlands surrounded by grasslands. They warned that these disturbances might alter the wetlands' flora and fauna.
Once invading species become established in playas, most produce abundant seed crops ( Haukos & Smith 1994 b ) . Many of these species' seeds are long-lived and form persistent seed banks that are resilient in response to, if not reliant on, future disturbances (Grime et al. 1981; van der Valk 1981; Smith & Kadlec 1985; Haukos & Smith 1993) . Because of these seed banks, it is unlikely that, once established, the invading species will be lost from the current system. The widely fluctuating environmental conditions (wet-dry cycles) of playa wetlands in the agricultural regions of the Southern Great Plains likely ensures the subsequent germination of currently established exotics.
Conclusions
The species-area relationship was much stronger for wetland plants than for all species occurring in playa wetlands. Larger playas had more wetland species than smaller playas, a relationship likely related to water permanence. Therefore, any anthropogenic factor that may alter playa hydroperiod will likely influence native playa flora. Sedimentation, as a result of cultivation of the surrounding watershed, has drastically decreased the volume and hydroperiod of playa wetlands (Luo et al. 1997) . Watershed cultivation, and its associated influence on playa hydroperiod, is also associated with an increase in the prevalence of exotic species and annuals in playas with a cropland watershed, whereas playas with grassland watersheds have more native and perennial species. Therefore, ecosystem managers striving to maintain the ecological integrity of playa wetlands, and, concomitantly, native floral diversity in the Southern Great Plains, should consider playa area and condition of the watershed in their planning efforts. Protecting the native shortgrass-prairie watershed is key to maintaining playa wetland ecosystem health. Ecosystem managers targeting important sites of biodiversity in the Southern Great Plains should focus on large playas with intact native prairie watersheds. Restoration of agricultural playas should first focus on reclamation of the upland watershed and then on sediment removal to restore hydroperiod. Removing playa sediments prior to upland restoration will result in only short-term benefits to hydroperiod because cultivated watersheds rapidly erode into playas (Luo et al. 1997 Haukos and Smith (1997) .
